Abstract-This paper presents the design of miniaturized dipole antenna for passive Radio Frequency Identification (RFID). The proposed tag antenna is designed in such away that covers the Malaysian Ultra High -Frequency (UHF) RFID frequency band. The proposed tag antenna was designed using a double -sided Flame Retardant 4 (FR-4) substrate. The antenna's configuration consists of meander dipole antenna incorporated with metamaterial square split -ring resonators (SRRs) and capacitive tip -loading. This antenna designed focusing on the antenna parameters such as size, gain, radiation pattern, matching impedance and read range. In this work, the results show that the SRR structure is capable to reduce the size of the tag design by increasing the length of the unit cell.
I. INTRODUCTION RFID technology plays important functions for many applications such as controlling, detecting and tracking items [1] . The country all over the world has a special frequency allocation which has been controlled by several organizations. The communication process has controlled by International Governing Bodies such as Federal Communications Commission (FCC) and also European Telecommunications Standards Institute (ETSI). FCC regulates a special frequency to be used in United States while ETSI regulates the frequency for Europe country. This is important to ensure that each country will follows the own allocated frequency range. RFID frequency bands are divided into four types. There are: low frequency (LF), 30 -300 kHz, high frequency (HF), 3 -30 MHz, ultra high frequency (UHF), 800 MHz -1 GHz and microwave, more than 2.45 GHz [2] - [4] .
Generally, the RFID system consists of several components such as receiver (tag), reader (interrogator), and also the computer network. The tags have two important components which are the IC chip and the antenna [5] . Communication of passive UHF RFID tag uses a concept of backscattering system. It is because, the backscattering system has the capability to achieve longer read range, greater data rate and faster read speed. In addition, it has rapidly attracted end users attention in the supply chain, transportation and many more [6] . Fig. 1 shows architecture of RFID systems components. The metamaterial square split -ring resonator has been chosen in this works due to several advantages which had been proposed from the previous researchers before [7, 8] . By definition, metamaterial simply can be defined as an artificial homogeneous structure that contributes unusual properties but it does not exist in nature.
This work describes the antenna designed which consists of prototype and specifications of the proposed tag antenna. To reduce the antenna size, meandered dipole with capacitivetip loading is incorporated together with the split ring resonator (SRR) to the tag design. The meander dipole antenna with capacitive -tip loading is designed on the top plane of the substrate while the two structures of SRR were inspired at the bottom of the plane. The types of UHF RFID IC chip are discussed clearly in this paper. This antenna design allows a compact size, simple structure and high efficiency [9] , [10] . The results were discussed thoroughly followed by discussion on gain and theoretical read range based simulation results. Finally, the overall findings results are concluded in the last section of this paper.
II. ANTENNA DESIGN This paper proposed a dipole antenna with meander dipole design. The easiest way to solve this problem is by meander a dipole antenna and adding the capacitive tip -loading to ensure the reduction in size and at the same time maintaining the tags performance. Several parameters such as the width of the dipole traces, g 0 , the height of the copper traces, g 1 and the height of the meander tracks, s are using to be the parameters controlling in this works. Only the gap spacing, g was fixed to be 0.5 mm since it follows the foot print the UHF RFID IC chip.
The capacitive tip -loading method was adopted in this design by the reason of reducing the tag size. The end of each arm of the dipole antenna has been modified to be a large structure. Two parameters a and b were used in this study to represent the height and width of the capacitive tip -loading structure respectively. The capability to increase this structure helps in improving the gain which leads to increase the read range of RFID tag design. This is because of the decreases in capacitive reactance as the capacitance increases. Thus, it effectively reduces the antenna size.
However, the capacitive -tip loading does not improve this design significantly due to size limitations. A radiating element which is called split -ring resonator (SRR) was introduced at the back plane of FR-4 substrate which acts as a functioned to reduce the size of the tag antenna. The changes of capacitance, C and inductance, L results of shifting the resonance frequency, f c which is given by (1):
The proposed meander dipole antenna is etched on the top layer of substrate in Fig. 2 (a) while the typical topology of the two square SRRs structure were located at the back plane of substrate. The investigated pairs of the classical SRR structure are illustrated in Fig. 2 (b) . The structures of SRRs comprised of two concentric square rings with the opposite splits, were set to 1.0 mm. The width of each ring, is set to 1.0 mm and the spacing of the rings, is set to 1.0 mm. The distance between the two structures of SRR, is 21.0 mm. The length of each SRR side is denoted as is 7.5 mm. Among of these parameters, only the length of the SRR structure, and the distance between two SRR, being a parameter control in this designed.
The tag design is simulated with and without SRR at the back plane. This is important to study the effect of SRR on the reduction of the tag size. The design was simulated using CST Microwave Studio [11] on FR-4 substrate with the dielectric constant of 4.4, the loss tangent of 0.02 and the thickness of 1.53 mm. The copper with the conductivity of 5.8 x 10 7 S/m which has a thickness of 0.035 mm was used as a radiating element. The UHF RFID chip used in this designed is the MURATA RFID Magicstrap LXMS31ACNA-010 chip with the impedance of 12 -j106.3 at 921 MHz [12] . The RFID tag antenna dimensions labelled on Fig. 2 are given in Table 1 . 
III. RESULTS AND DISCUSSIONS

A. Simulated results on the proposed tag antenna
To achieve the best optimization in design parameters, the effects of the varying the parameters of the antenna structure are studied through the simulated results. The length of the dipole antenna is found shorter than the conventional dipole after having an enough bending on the same electrical wire length [13] . It is noticed that, the resonant frequency, f r is affected by adjusting the parameters of g 0 and s. The resonant frequency is shifted to the low operating frequency as the numbers of values g 0 and s are increased. The increasing numbers for both parameters, the lower dip of return loss attained [14] .
Several antenna parameters such as size, gain, return loss, and matching impedance are taking into consideration in this paper. From [15] , increasing the height, a and width, b results in lower resonant frequency. Hence, in order to achieve of 921 MHz operating frequency, both of the parameters need to be adjusted to a suitably high value. Similarly if the structure of SRR is increased, the results will shift to the lower resonant frequency. This is due to the changes in both capacitance and inductance from (1) that cause the frequency shift. It was shown in Fig. 3 . By observing on Fig. 4 , it is clearly shown that by adding the SRR at the back plane, it will result to size reduction of the tag. The simulated return loss with SRR structure is shown in Fig. 5 . The return loss with SRR loading structure resonates at -14.14 dB.
The important key parameters designed are based on the gain and dimension of the proposed tag antenna. It is found that the area of the tag antenna is smaller relatively to the current tag designed which is about 61% [16] , 23% [17] , 55% [18] . The overall dimensions of proposed tag have 48 x 22 mm 2 which corresponds to 0.15 x 0.07 . The gain of the proposed tag antenna shows a higher in percentage by 37%, 25% and 18% as compared to [16] until [18] respectively.
The graph in Fig. 6 and Fig. 7 shows the simulated input impedance of the proposed tag antenna at resonating frequency of 921 MHz in a specific region and broader frequency of range respectively. The result of simulated input impedance is 18.11 + j107.5 . The simulated < -10 dB value of bandwidth for the proposed designed antenna have been determined at the range of 915 MHz -925 MHz which corresponds to (10 MHz) 1.08 %. 
B. Gain and Maximum Read Range
The polar radiation pattern can be divided into two parts in the RFID designed. There are E -plane and H -plane. It is observed that the polar radiation pattern on xz -plane is when phi = 0° which result in H -plane. The H -plane gives an omnidirectional characteristic pattern. Meanwhile, the Eplane is obtained from yz -plane when phi = 90° which result in a similarity to a dipole radiation pattern. The dipole antenna has a 3-dB beamwidth of 88.3-degrees. An antenna which has a narrow beamwidth will have a high gain while the antenna which has wide beamwidth typically has a low gain. A higher gain will produce when the antenna is directed the most energy into a narrow beam. The beamwidth of an antenna is the total angular width between the two 3-dB lines on the curve as illustrated in Fig. 8 (b) . By observing Fig. 8 , the polar radiation pattern shows the results on the antenna designed at operating frequency of 921 MHz. Both of these omnidirectional and dipole pattern were presented in Fig. 8 respectively. Fig. 9 represents the maximum 3 -D gain of the proposed tag which is 1.30 dBi. The read range plays an important role to measure the maximum distance can be achieved by the RFID reader from the antenna. The read range of RFID tag depends on the maximum allowable gain. The maximum gain obtained from the tag design. This is a way to verify the tag antenna performance in practice. For the theoretical calculation on the read range, it can be calculated using a well -known theory of Friis free -space formula [19] :
where the is the wavelength, EIRP is an Effective Isotropic Radiated Power, G r is the receiving gain from the tag antenna. The minimum operating power is -8 dBm. The allowable EIRP is equal to 4 W. The wavelength, has a value of 0.328 m at the resonant frequency of 921 MHz and the tag antenna gain is 1.30 dBi. From (2), the maximum theoretical read range can be achieved from this calculation is 4.82 m.
IV. CONCLUSION Based on the experimental simulation results that has been proposed, the meander dipole tag antenna has been designed at operating frequency of 921 MHz. This antenna has been designed to fulfill the requirement of UHF RFID frequency band in Malaysia which is varies from 919 MHz -923 MHz. The reduction in size on the proposed tag antenna has been done by adding the capacitive tip -loading and two square split -ring resonator. It is noticed that the increase of SRR side length results in decrease the frequency. The maximum theoretical read range has been discussed in this paper. In order to get better results on the proposed tag performance, the parametric analysis had been done to ensure the optimization results of the designed tag.
